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CRYPTOGAMS,. VASCULAR PLANTS, AND SOIL [ITYDROLOGICAL 
RELATIONS: SOME PRELIMINARY RESULTS FROM THE 
SEMIARID WOODLANDS OF EASTERN AUSTRALIA 


De: Eldridge’ 


\} \" Crazed and unerazse af sites were examined in a se uniaridd woodland! in eastern Australia to cletermine 


t 


ihomstaps within various type: of crvptogams, and the role of cryptogiums in pasture dvnainics. infiltration, and water 


resicae Strone rclatronships were found between vascufar plait cover and cover of cryptogams for nine rangeland sites 


el 


ISanonth period: tithe absence of vascular plants. os s with low cover of cryptogaims were dovmmated by algae. 


Mie presence of wer ptogamic crust had no significant eHect on infiltration at ungr azed sites but significantly increased 
if J hon at some grazed sites, Splash erosion was very low on soils with at least 50% crn ptogam cover. Below this level 


sphoh erosion increased markedh along with the proportion of fine sediments lost. 


Key tcords cryptogamic crusts: hydrology, soil: infiltration; cryptogam dynainics: micropliytic crusts: semiarid wood- 


hinds sorptiruy Australia 


Crptogamic or microphytic soil crusts are 
an important component of arid: and semiarid 
rangeland cnviromuents. They occur as assem 
hlages of algae. lichens, livenvorts. and mosses 
aid. in some areas where vascular plants are 
absent. are the predominant biological ground 
cover, In these environments cryptogams play 
an important role in soil stability, nitrogen liv: \- 
tion, and biomass produce {ion | lsichei 7 1990). 

Cryptogams are commonly pioneering spe- 
cies in the revegetation of degraded soils | Bailey 
et al. 1973). Observations in some areas in 
sciniarid: eastern Australia suggest that cvano- 
bacteria are the most Common taxa found on 
disturbed sites. The relationship between vas- 
cuir fore and cryptogaims. however, is not well 

inde rstood, Front studies in North America, 
Schoheld 1955 coneluded that mosses in- 
crease recover as forbs and grasses are progres- 

vel Climtneted by overgrazing. Studies in the 
vt arid WN ON val nics «| CASteri \ustralia 


VIucheretal LISS re ported a strong positive 
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infiltration las been observed on areas with 
microphytic crusts compared to areas without 
(e.g. Blackbur 1975, Fletcher and Martin 
LOS. Gitford 1972, Yair 1990). However, other 
researchers (@.g., Bretlhenon and Rushforth 
1983, Danin 1978S, Graetz and Tongway 1956, 
Loope and Giflord 1972, Rogers 1977) showed 
that the presence of eryptogams of variable 
cover reduces intiltration. 

As cryptogams are often associated with 
sparscly vegetated landscapes with high natural 
rates of crosion, it is natural to assume that they 
play a role in reducing erosion (West 1990). 
Claims of reduced water erosion due to eryp- 
togamic crusts are widely reported in the litera- 
ture (e.g, Campbell et al. 1989. Chartres and 
MIncher 1989, Greene et al. 1990, Kinnell et al. 
1990. Mucheret al. 1988, Rushforth and Broth- 
crson 192. Yair 1990). The resistance of crvp- 
togainic crusts to erosion is thought to be due to 
cvanobacteria and to a lesser extent fungi asso- 
ciated with the cryptogamic mats. Polysaccha- 
rides produced by evanobacteria and fimgal 
hvphac (Tisclall and Oades 1982) bind their 
cells, filaments, and surrounding soil particles 
into small aggregates (Shields and Durrell 
L964. These agercegates h ave enhanced stability 
in water and help to protect the soil from wind 


Vo rable Present address Gradnate School of the Ean irommnent, 


1993 | 


and water erosion (Fletcher and Martin 1945S. 
Greene and Tongway 1959). 

The role of cryptogams in ecological proc- 
esses in semiarid regions has received little at- 
tention until recent reviews by Harper and 
Marble (19SS) and West (1990) appeared in the 
literature. These reviews draw heavily on pub- 
lished research from semiarid regions of North 
America. Australia, and Israel. In the semiarid 
rangelands of eastern Australia, research is cur- 
rently nndenvay to examine the spatial distribu- 
tion of cryptogamic surfaces, their relationship 
to vascular plants and rangeland condition and 
trend, and their effects on infiltration and 
erosion. 


In this paper [ present pre liminary results of 


research on the distribution of ern ptogamic flora 
and their role in vascular plant dynamics, splash 
erosion, and infiltration. 


MATERIALS AND METILODS 
Study Area 


All studies were undertaken at Yathong Na- 
ture Reserve and ‘Coan Downs’, approximately 


140 km soutlwest of Cobar in western New 


South Wales, Australia (32°56'S, 145°35’E, Fig. 

1). Sheep a) aring On native pasture is the prin- 
cipal land use in the region. “Coan Downs’ is 
typical of grazing properties in the area where 
merino ewes and wethers are rin in paddocks 
of approximately 2000-4000 ha. Yathoug Na- 
ture Reserve has not been grazed by ee 1; 
however, since L977. It curre snthy carries large 
populations of rabbits (Orye tolagus Cuuic tite, 
grey and red kangaroos (Macropus gigauteus, 
M. fuliginosus, and ai rufus), and feral goats 
(Capra hircus; Leigh et al. 199). 

The climate of the area is characterized bya 
low and unreliable rainfall averaging 350 nim 
per annum. Rainfall is evenly distributed 
throughout the vear, although winter rainfall 

(June-Angust) i is slighth less variable than siuu— 
mer rainfall. Maximum and minimum diumal 
temperatures range from 35.0°C and 19.6°C in 
January to 16.0°C and 3.6°C in Jul. The area 
receives on average 23 frost days per annum. 


and annual ev ‘apor ation at Cobar to the north of 


the study area is approximately 2375 min i Bn- 
reau of Meterorology 1961). The highest wind 
runs are experienced from spring atl late sume 
mer (September—February), which correspond 
with the period of maximum soil erodibility. 
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Location of the study areca dn castern \uastralia 


Yathong Nature Reserve and ‘Coan Downs’ 
are located on the southem tip of the Cobar 
Pediplain on gently nnidulating plains to 3° 
slope derived eon Paleozoic rocks including 
granites (lwaszkiewicz and Semple 1988S). The 
soils ov erlving much of this landscape are red 
and red-brown clay Joams and loams Tpic 
Haplargids: Soil Survey Staff 19735), with grada- 
tional = texture profile s containing vanable 

auounts of stone and gravel. 

Vegetation at Yathong Nature Reserve and 
‘Coan Downs? is open woodland dominated by 
red box (Eucalyptus intertexta . white cypress 
pine (Callitris glaucophylla and wilga Geijera 
parviflora). U nde ‘rstory pastures are dominated 
by speargrasses (Stipa spp.’ wiregrasses | Aris- 
tida spp.). and various amnuil forbs. 


Crptogam Dynamics Study 


In conjunction with the study of the role o 
cryptogams in infiltration icliscuissed) be He 
data were collected on total cover of cry ptogatns 
and cover of varions cryptogam type SFL. 
mosses, algae, lichens, and livenvorts . Data are 
pre sented for 43 locations from the migrved 

Yathong Nature Reserve and 34 locatious from 
the grazed “Coan Downs’. 


Pasture Dy nanies Studs 


As part of a larger study of the tempore 


changes in pasture dynainics. cover and spr CI 


composition of vascular pli its and cover of 
cryplog: ums were recorded at regular mite rvals 
from nine large sites between Sept Wher LOSS 


and Febrnarn 1990. Each site measnred 300 - 


500 rae At each site. lifts 0. 25 in quadrats eT 


ert 1ent oeyted and the following com- 
nonelts mentsured cover ob pe rennial grasses, 
h 


1 erals bare soi litter anch cryptogais, 


wid tet d aboveg ronnd bioniass of pasture. For 
. — urpose of t lis st nich individu cryptogamic 
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voll hh. We he ‘Cll poole d. 


lirfiltration Study 


Kt Yathone Nature Reserve and “Coan 


Downs. two sites were se tected independent 


of the nine p StI Uvintinics sites above) for 


HINCSUG iting the role of C Ivptogam COVCTOU Wwo 
iitiltrs lion pi iratiicters: eu iat minh °°?) and 
steady-state infiltration Gaim h'). 

Sorptinity is the initial rapid phase of infiltru— 
tion. nsually lasting less than 10 iin, Which is 
dominated bv e: apillary forces. Steady-state in- 
filtration. however. 
stages of infiltration when only — 
forces predominate. Steady-sti te TWHRRNFOr is 
strongly related to soil porosity, Which in tam 
depe ‘nds on type and amount of cover. 

\t Yathong Nature Reserve, where soil sire 
lace and vegetation cover are in excellent con- 
dition. 44 locations were selected for infiltration 
tneasiroements, be. 22 each for sorpunity and 
steady-state infiltration. At “Coan Downs’, im— 
like Yathong N Nature Reserve, historical over- 
grazing has lead to the development of distinct 
zoucs of erosion and deposition known as pro- 
duction and sink zones. respectively, These 
commonly occur in landscapes where flivial 
Processes predominate. Together with an inter- 
mediate transfer zoue. which has characteristics 
of both production and sink zones, these zones 
constitute what are known as) erosion cells 

Pickup 1985. At ‘Coan Downs’ 10 and 7 loca- 
Hons were selected for measurements of sotp- 
(ity an the production and = sink zones, 
respectively, and 9 and 7 locations for measure- 
nent of steady-state infiltration ino the two 
USPC tiveb. 
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cryptogams and re ative contribution by various 
cryptogamr types (i.e., lichens, mosses, algae, 
livenvorts) were visually estimated, and color 
slides of cach plot were ‘taken to calibrate field 
estimates of total cover. 

Sorptivity and steady-state infiltration were 
measured under ponded conditions, i.e., under 
a permanent pond of LO mm of water. The 
ponded permeameter measures infiltration 
through all soil pores, i. e. matrix or small soil 
pores. and macropores (>0.75 mmin diameter), 
which are generally produced by roots and fau- 
nal activity. The pondo — 
placedon asteel r ing that was gently tapped into 
the soil and sealed at the de: to prevent leak- 
age. Infiltration rans were carried out until 
steady-state was achieved, usually within 30 min. 
Sorptiv itv and steady-state infiltration were cal- 
cnlated according to the method of White (1988S). 


Splash Erosion Study 


Undisturbed cores of soil with associated 
cryptogams were collected from Yathong Na- 
ture Reserve by pushing 75-mimi lengths ae Q()- 
min-diameter PVC tubes into moist soil flush 
with the surface and excavating the intact tube. 
Cryvptogam cover was estimi ned visually in the 
field by two observers prior to collection. One 
hundred thirty-tive : samples were collected rep- 
resenting five classes of CHV pLOg incor er ce 
comple tely bare (0%), 25%, 50%, 75%, and 
100% cover, Cores were then transported to the 
laboratory. placed in a large tray beneath the 
simulator, and subjected to a simulated rainfall 
of 45 mim hi! for 20 min. Each replicate con- 
sisted of nine cores in a three-hy-three array 
inder the simulator, Fifteen simulations (5 
treatments X 3 replicates) were performed, 

Runoff waterand sediment were collected at 
the lower end of a collecting tray by nsing a 

vac pump at 2-min tale Sein 
bulked across replicates was separated into five 
size classes: - 0.0553 niin (silt and clay), 00553 
0.0990 mim ivery fine sand), (.0991—0.2515 nim 
(fine sane), 0.2516—0.500 min Gnedinm sand), 
and -0.500 mm (coarse sand and a few aggre⸗- 
gates! by gently washing througlia nest of sieves. 


Statistical Analyses 


Simple regression and correlation analyses 
were ised to examine the re lationships be tween 
total coverand cover of various cry: ptogam types, 
cryptogain cover and vascular plant cover, and 
cryptogam cover and infiltration parameters. 
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Fig. 2a. Relationship between cover of algae as a proportion of total cover and crvptogam cover % at Yathone Nature 
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Data are partitioned between the production and sink zones isee text for details 


Results are expressed as mean + standard error 
of the mean (s.e.m.,). 


RESULTS 


Cryptogam Dynamics 


Sites with low total cover of crvptogams were 
dominated by algae, and, as cover increased, so 
did the relative contribution by mosses and 
some liverworts (Figs. 2a, 2b). Verv few lichens 


were found at any location. When data were 
pooled across grazcd and unegrazed sites, there 
wats a significant negative correlation between 
total crnvplogaml Cover and proportion of thal 
COVEY comprising algac hi 25. Pee OOL 1 

77), Partitioning the data between grazed and 
nnerazed sites markedly inercased the magi 
ide of the coefficients of determination for th 
ungrazed site WR? 45. P & O00; me $31 but 
only slightly for the grazed site H eae 

OOL, ire 34), Neither the slopes nor imMlereepts 
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of the vo relationships for the grazed or m- 
crazed sites were sigmilicanth different. 


Correlations Bets co rr ¢ Typlogians 
and Viescular Plants 


\oross the nine large SHC SL NW plogam cover 


med from 7 1% to 17.66, and cover of vasen- 
Yr )>| mits pinged from 43.7 to SO.LG Mie. 31. 
WE COVEY Wal strongly negatively corre- 

thet phat biomass. Correlations 


4 
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biomass varied front 0.16 ke mi > to 0.32 ke m°. 
Increasing biomass did not affect the magnitude 
nor the signifieance of the correlations between 
cryptogam cover and any of the independent 
variables. There was no evidence that high 
biomass levels were masking the presence of 
cryptogamis on the soil surface. At all sites and 
ines, eryploganr cover was negatively corre- 
lated with cover of litter, perennial grasses, and 
ephemerals and positively correlated with cover 
of bare soil. 
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Reserve. 


Temporal changes in cover of cryptoganis 
and vascular plants varied between sites. with 
some sites fluctuating widely while others were 
more stable (Fig. +). Perennial grass-dominant 
sites were generally the most cable: For exain- 
ple, there were only small changes in cryptogan 
cover on the gilgaid soils dominated by sinnine— 
growing perennial grasses (gronp D). Con- 
versely, sites dominated by ephemerals (group 
A) experienced the largest fluctuations in cryp- 
toga cover over time. 











lifiltration 


The relationship between cryptogam cover 


and the two infiltration parameters differed be 
tween grazed and nngrazcd sites. Mt the une 
grazed site at Yathong Nature Resenve 
sorptivity average «162.9 + 5.54 mimi erange 
25 11S anm bh" ?). and steady-state infiltration 
averaged 103.6 + 5.3 runge 29-199 tn 
ho’). Sor —— was inde ie nident of crvptogam 
cover (R- = 0, Pet k 3. 29 Jig. 5 and 
there was a a though hares decrease 
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0.P = 20, = 22: Fig. 6). 


ine cover) Re 


\t the grazed ‘Coan Downs’ site, sorptivity 


aweraged 28.1 + 3.7 moh"? range 10-64 iim 
bho and steady-state infiltration averaged 39.7 
range 11-103 morh ). The high 
degree of variability within any one cover class 
meant that at low cover levels sorplivity and 
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Splash Erosion 


Sediment removal increased significantly 
with decreases in cryptogain cover (Fy 10 = 45.5, 
P< .QO01; Fig. 9). Little sediment was removed 
at cover levels >50%, but at lower levels than 
this, erosion increased markedly. The relation- 
ship between sediment removal and cryptogam 
COVEN wus: 

Y = e TREO O32c 
where Y is total sediment removal (¢ m~) and ¢ 
is cryptogam cover (%). Cover of cryptogans 
e\plained $1% of the variation in sediment re- 
moval, 

The rate of sediment removal varied among 
the five cover classes. Removal rates for he 
LOO% . 75%, and 50% cover classes were very 
low and averaged 0.6, 2.0, and 3.2 ¢ m* min i 
respectively, The 25% and 0% cover classes, 
however, had a mneh higher rate of sediment 
removal (i.c., S. S and 15.3 ¢ m ° ie respec- 
tively), 

The particle-size distribution of eroded ma- 
terial was also inflnenced ie ci; vptogun cover. 
As cover decreased, the proportion ol silts. claws, 
and very fine sand increased and coarse sands 
decreased. This, not only was more sediment 
lost. from: soils with low ceryptogam cover, but 
more ol that sediment conmprise d silts and claws, 
onto Which the majority of the nutrients are 
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are partitioned between the production andl sink zones. 


bound. Furthermore, mueh of the fine material 
was removed ditring the early stages of runoff; 
i.e., as simulations proceedec la higher propor- 
tion of coarse particles was removed. 


DISCUSSION 


Inthe semiarid woodlands of eastern Austra- 
lia, overgrazing by domestic and feral aninials 
over the past 100 vears has resulted in a severe 
depletion of the native pastures (Llarrington et 
al. J9S4) and a shilt from desirable perennial 
grasses to less desirable perennials and ephe- 
merals (Iwaszkiewicz and Semple 1988). This 
has been accompanied by reduced productive 
potential of the soil and increased bare. soil. 
runoff, and soil erosion (Johns 1983). In this 
environment vascular plant cover is highly dis- 
Continous or ps atchy, and ceryptogams are ofte n 
the only biological soil cover providing protec- 
tion from erosion. 


Crptogam Dynamics 


In this study, plots with alow cover of ervp- 
togams were dominated by algae, and plots with 
a high cover by mosses and some lichens. This 
is not surprising inasmuch as algae act as pio- 
neers in plant succession (sichei 1990). and as 
the soil surface becomes more stable, mosses 
and lichens gradually increase in dominance 
(Dunne 1989) at the expense of algae. Because 
of this successional sequence in development of 
cryptogamic crusts from algae-dominant to moss- 
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dominant and lichen-dominant, the presence of 
a surface dominated by mosses and lichens might 
be sed as an indication of the stability of the 
soil surface. There is some evidence | Eldridge 
napublished data’ that the more stable sites at 
Yathong Nature Reserve and ‘Coan Downs. 1c 
those dominated) by perennial grasses. het 
higher covers of moss and some lichen com- 
pared with the less stable ephemeral sites. 


Cryptogams and Vascular Plants 


lia these studies decreases in vascular plant 
eover were associated with increases in the 
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by reducing the cover of vascular plants. 
The interaction between vascnlar plants and 


ervptogams hes been described as a 1:1 tradeoff 


West 1990 where a decrease in the proportion 
ol one component results in an increase in the 
other, This. management practices leading toa 
change in the cover of vascular plants would 
ultimately affect the coverof eryptogams. Given 
ab dnerease in vascular pli uit Coser through CX- 
Closure or destocking, itis likely that cryptogam 
cover would decrease through increased com 
petition lor light and moisture and through 
overtopping by perennial grasses (Looman 
LOG-4 

In marked contrast tomy results, numerous 
strides have reported positive correlations be- 
iweencrptogun cover and vascular plant cover. 
(19S6) 


showed a significant positive correlation be- 


Mor example, Gractz and Tongway 
tween the cover of perennial chenopod shrubs 
and cover of cryptogaims. and Mucher et al. 
LOSS biennial 
grasses and forbs increased as cover of cIVp- 
ln the . 

di Kleine rand Harper 1977 showed how 
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eserts of North 
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Infiltration 


Although cryptogams have been reported as 
affecting infiltration, results from Yathong Na- 
ture Reserve and ‘Coan Downs’ indicate that 
other soil factors mav be more inflnential. The 
positive linear reli tionship between cryptogam 
cover and infiltration on the grazed sites in this 
stiidy is consistent with a few studies (Fletcher 
and Martin 1948, Gifford 1972) hut is inconsis- 
tent with the bulk of published research sug- 
gosting that cryptogamic — crusts reduce 
infiltration (see West [990). 

At Yathong Nature Reserve, where grazing 
hy domestic animals ceased in 1977, there was 
a nonsignificant trend of decreasing infiltration 
with increasing cryptogam cover Bin differ- 
ences in response to changes in cryptogam cover 
nay be explained in part by the differences in 
soil physical properties betw een the grazed and 
migrazed soils. Ata number of sites in Yathong 
Nature Reserve, Eldridge and Rothon (1992) 
found that changes in vascular plant cover eX- 
plained very Rule of the variation in infiltration, 
minoftf, and sediment vield. This is thought to be 
due to the high niacroporosity status ae the soil 
on the ————— sites, with infiltration deter- 
mined by the overriding influence of soil physi- 

cal properties. 

On moderately degraded. soil surfaces, a 
combination of a —— soil surface with poorly 
developed microrelief and minimal obstruction 
from grass butts, stones, and litter creates a 
sitnation where there is little opportunity for 
rnolfto enter the soil profile. This was certainly 
the case at ‘Coan Downs’ where soil phy sical 
properties were severely degraded, macro- 
porosity was low, and the majority of infiltration 
was restricted to flow through the soil matrix 
wid very small biopores. In ae environment 
cryptogams probably have two principal effects. 
leirst. they provide a physical barrier on the soil 
surface, prote cling the surface against raindrop 
linpact and there Dy ensuring that the existing 
low levels of structural st: nae are —— 
Second, as infiltration is predominantly through 
matrix pores, fungal hyphae in the crv ptogams 
SSISt yy aintt: ining the integrity of these pores 
so that small increases in cryptogain cover resnit 
in marked increases in infiltration (Figs. 6, 7). 

(* Mptogamis are thought to impact ipon the 

hydrological evele by We ‘ir direct effect on soil 
stirtace roughness. Cry ptogamic crusts increase 
stutace imicroreliet I: cementing wind- and 
water eroded fragments into cohesive units, 
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producing a raised, roughened surface (Ander- 
son et al. 1982). This increased surface rough- 
ness retards overland flow, allowing more time 
for infiltration and deposition to occur (Warren 
et al. 
the surface microrelicf of some ungrazed soils 
at Yathong Nature Reserve showed that crvp- 
togams are not consistently associated with 
rougher soil surfaces (Eldridge 1991). 


Splash [erosion 


The splash erosion studies reported here 
demonstrate that the presence of a cryptogamic 
crust significantly reduces splash erosion from a 

semiarid red earth soil. Soil surfaces with >75% 
cryptogam cover had very little erosion, while 
surfaces with £ 
at least an order of magnitude greater | 


Fig. 8). 


Numerous studies (e. g.. Chartres and 
Miucher 1989, Kinnell et al. 1990, Yair 1990) 


have shown the importance of cryptogain cover 
in reducing soil loss and erosion, Booth (19-41) 
found that soil loss on soil with a evanobactenial 
crust is 20 times less than that from the same soil 
with no crust. More recenth Tchoupopuou 
(1989) showed that under simulated rainfall, 
cryptogam-covered surfaces reduce the dis- 
tance over which splash soil particles are dis- 
placed. 


Not only did surfaces with a low cover of 


cryptogains Jose more soil during simulated 
rainfall, but more of that soil comprised silts and 
clays. Thus, the loss of fine material from the low 
cover plots probably represents a coutinnal re- 

moval of nutrients from the low cover surfaces 
and, at least in the case of nitrogen, a possible 
decline in productivity. This compares with the 
high ervptogam cover soils where eroded mate- 
rial comprised mainly coarse-grained sands and 
some aggregates >0.500 inm in diameter. 
Mosses and algae bound some of the particles 
removed during the erosion process. Thus, ero- 
sion may be assisting the dispersal and deposi- 
tion of these microphytic taxa within the 
landscape. 

As this study used small cores taken from thie 
field, it is not possible to assess the degree to 
Which splashed sediment is redeposited within 
the landscape. The soil loss values reported here 
probably overestimate what happens in the licld 
where litter and plant butts would trap some 
moving sediment. 
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1986). However, direct measurement of 


25% cover or less had erosion of 
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This study showed that crvyptogamis pl ed 
major role in infiltration and erosion in the 
semarid woodlands of eastern Australia. Furr 
thermore, strong relationships exist within crnyp- 
togamic taxa, aud between ervptogam cover and 
cover and biomass of vascular plants. 

At Yathong Nature Reserve and “Coan 
Downs’, the presence of crvptogams on the soil 
surface had a variable inflience on infiltrating 
water but significantly reduced the susce ptibil- 
itv of the mil to splash c rosion, Infiltration at the 
grazed sites at ‘Coan Downs’ was markedly dil- 
eo rent from that at the ungrazed Yathong Natnre 
Reserve, probably a re silt of differences in soil 
plisical properties, particularly mac roporosity: 

Under simulated rainfall, surfaces support- 
ing ahigh cover of en ptoganis were more stable 
and less erodible than surfaces with low crvp- 
togam cover, Erosion from eryptoganic surfaces 
of varving cover probably results ina transfer of 
fine material and nutrients from areas of low 
cover to areas of high cover. Ultimately. low 
cover areas become less accessible to estab- 
lishment by seedlings of vascular plants. Fur- 
thermore, the role ne cryptoganis in soil stability 
is enhanced during drought pe sriods when cover 
of the nsual Secu ar pl: int is either abseit or 
severely reduced. 
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